Under modern conditions, sediments from the large continental shelves of the Arctic Ocean are mixed by currents, incorporated into sea ice and redistributed over the Arctic Basin through the Beaufort Gyre and Trans-Polar Drift major sea-ice routes. Here, compiling data from the literature and combining them with our own data, we explore how radiogenic isotopes (Sr, Pb and Nd) from Arctic shelf surface sediment can be used to identify inland and coastal sediment sources. Based on discriminant function analyses, the use of two-isotope systematics introduces a large uncertainty (ca. 50%) that prevents unequivocal identifications of regional shelf signatures. However, when using all three isotopic systems, shelf provinces can be distinguished within a ca. 23% uncertainty only, which is mainly due to isotopic overlaps between the Canadian Arctic Archipelago and the Barents-Kara seas areas. Whereas the Canadian Arctic shelf seems mostly influenced by Mackenzie River supplies, as documented by earlier studies, a clear Lena River signature cannot be clearly identified in the Laptev-Kara seas area. The few available data on sediments collected in sea-ice rafts suggest sea ice originating mostly from the Laptev Sea area, along with non-negligible contributions from the East Siberian and Kara seas. At last, whereas a clear radiogenic identity of the Mackenzie River in sediments can be identified in the Beaufort Sea margin, isotopic signatures from major Russian rivers cannot be deciphered in modern Siberian margin sediments because of an intense mixing by sea ice and currents of inland and coastal supplies.
Introduction
A critical feature of the modern Arctic Ocean is the large extent of its shelves that currently represent almost half of its areal extent (Fig. 1) . Modern terrigenous sediments accumulate on these shelves, where most of the primary productivity and sea-ice production also take place (Stein 2008; Macdonald & Gobeil 2012) . During the last decade, millenial scale, large amplitude changes in Arctic sea-ice dynamics have been documented from deep-sea and shallow sediment core studies based on detailed mineralogical studies of ice-rafted debris (e.g., Phillips & Grantz 2001; Darby 2003; Darby & Bischof 2004; Darby et al. 2011; Darby et al. 2015) . More recently, biomarkers, radiogenic isotope compositions and clay minerals from fine sedimentary fractions have also added to our knowledge of Arctic sea-ice history and its linkage with climate (e.g., Wahsner 1999; Knies et al. 2000; Vogt & Knies 2008; Maccali et al. 2012 Maccali et al. , 2013 Hillaire-Marcel et al. 2013; Navarro-Rodriguez et al. 2013; Fagel et al. 2014) . For example, radiogenic isotope (Pb, Sr, Nd) records in deep-sea cores from the Lomonosov Ridge and Fram Strait areas , were used to document changes in detrital sedimentary fluxes and ice-rafted debris, from the last glacial interval to the present. Similarly, radiogenic isotopes (Pb, Nd) from the Mendeleev Ridge were used to identify changes in sediment supplies over glacial/interglacial periods (Fagel et al. 2014) . However, the Arctic Ocean is a semi-enclosed basin surrounded by vast continental units of various age and composition ( Fig. 1 ; Harrison et al. 2008 ) making it difficult to link ice-rafted sediments to specific continental areas based on a limited number of radiogenic tracers, as sources have not yet been unequivocally identified. The use of a bedrock database (Fagel et al. 2014) and mean bedrock age model (Peucker-Ehrenbrink et al. 2010) give useful information on the isotopic signature of material potentially delivered through land drainage. However, if shelf sediments relate to river discharge, coastal erosion seems a significant source of sediments in the Arctic Ocean. For example, coastal erosion is important on the wide and shallow Russian shelves, where it accounts for more than 50% of the supply budget, and up to 100% in the specific case of the CS shelf, where river supply is limited (Rachold et al. 2004) . In contrast, the Beaufort shelf receives primarily Mackenzie River supplies as this river delivers as much sediments as all other major Arctic rivers combined (Macdonald et al. 2015 and references therein). Once deposited on shelves, the sediments will then be redistributed via currents, uploading in sea ice (i.e., incorporation of suspended particles during ice formation (e.g., Eicken et al. 2005 ) and then via sea-ice transport. These processes have been documented (e.g., Darby 2003) but their overall importance with respect to the final tracer signatures of the Arctic sediments at large remain open to discussion.
Here, we analysed modern surface sediments from the Arctic margins for their radiogenic isotope signatures, as such sediments might reflect best what is currently uploaded by sea ice and re-circulated within the Arctic Ocean and re-deposited as ice-rafted debris. Radiogenic isotopes in sediments bear the same isotopic composition as the rock source and hence are used as tracers of continental inputs (e.g., Goldstein et al. 1984; Goldstein & Hemming 2003) . About 30 new sampling sites were added to the about 80 already reported in recent literature (see Table 1, Supplementary Table S1 ). We also analysed a few sediment samples from ice rafts. Statistical analyses of the surface sediment database now available provides a means to define isotopic clusters in relation with circumArctic shelf areas. However, we show that linkages between sediment isotopic composition and continental sources still remain in part equivocal because of large uncertainty in the statistical results. 
Material and methods

Sediment samples
Surface sediments from shelves and ridges (Fig. 1 , Table 1 ), mostly retrieved from core archives, were sub-sampled in the upper 10 cm of core-tops (with rare exceptions). Surface margin sediments were wet sieved at 100 µm to avoid biases linked to very coarse grains, and leached (see below) in order to analyse the detrital fraction. The time span represented by these samples differs considerably between sites on account of variable sedimentation rates and benthic mixing processes, as well as possible coring artifacts. Nonetheless, all samples may be seen as illustrating late Holocene sedimentation.
Sea-ice samples
A few sediment samples from sea-ice rafts were collected during recent cruises of the German Polarstern and US Coast Guard Cutter Healy research vessels. Most samples were sieved at 45 µm (Table 2) for bulk x-ray diffraction mineralogy (Darby et al. 2011) except for four samples that were analysed as bulk (i.e., SIS 2-3 and HLY0901-21). However, as the <45 µm grain-size fraction of those three bulk samples represent more than 95% of the total dry weight (Table 2) , they can be compared with the <45 µm-sieved sea-ice samples within a small added uncertainty. Samples were chemically untreated prior to their handling in the laboratory. These samples are thought to represent sedimentary material uploaded at places of sea-ice formation (e.g., sea-ice factories; Reimnitz et al. 1994) , with possibly some eolian supplies , although these should remain relatively negligible in comparison with the direct ice-uploaded suspended sediments (Eicken et al. 2005) .
Isotopic analyses
In order to distinguish the detrital Pb isotopic composition, any anthropogenic Pb overprint has to be removed from sediment samples. For this purpose, surface sediment samples were wet sieved and their <100 µm fraction was treated following a procedure developed by Gutjahr et al. (2007) . The <100 µm fraction was chosen primarily to avoid biases linked to very coarse grains discharged by icebergs, we decided to keep the fraction >63-100 µm as it might represent more than 20% of the total sediment in some cored sequences (Not & Hillaire-Marcel 2010) . To not include the sand fraction would possibly mask some potential contributors, especially proximal and glacier sources, and hence over-represent sources and mechanisms mostly responsible for the dispersal and re-suspension of fine fractions. Samples were then leached with a Na-acetate buffer (1M Na acetate -1M acetic acid; 52:48) to remove calcium carbonate. After rinsing, samples were leached with a 0.05M solution of hydroxylamine hydrochloride -15% acetic acid -0.03M Na-ethylenediaminetetraacetic acid (Na-EDTA) (buffered to pH 4) for 24 h at room temperature. This protocol is used to remove biogenic carbonates and Fe-Mn hydroxides assuming that the residual fraction is mainly silicates. However, our samples present large regional discrepancies, including the presence of detrital carbonates from northern Canada, mainly dolomitic (Parnell et al. 2007 and references therein). It is unlikely that this procedure has completely removed detrital dolomite particles as it is less easily dissolved (Hélie et al. 2009 ), hence the residual fraction analysed might contain both detrital silicates and dolomite. Hence, a significant presence of dolomite might influence the isotopic composition of our samples (trace elements in dolomite: Pb from 5 to 20 ppm; Nd from 10 to 100 ppm; Sr from 100 to 4000 ppm; James et al. 2001 ). The residual sediment, i.e., the calcite-and metal oxide-free fraction, and sea-ice samples were digested and analysed for its radiogenic isotope content. It was first digested with an HF/HNO 3 acid mixture, then treated with aqua regia on a hot plate at 130°C. In order to extract Nd, the solution was passed through two sets of columns. A first column was filled with TRU Spec© resin. Diluted HNO 3 was used to separate rare earth elements and Sr-Rb. Nd was then isolated from other REE with diluted HCl, on Ln Spec© resin. Sr was purified through a two-pass ion exchange chromatography on Sr Spec© resin. Blanks for the Nd and Sr procedures were under 300 pg and 120 pg, respectively. Sr isotopes were measured with a Triton Plus™ instrument in static mode using a Ta activator (Birck 1986 ). Nd) CHUR = 0.512638 (Jacobsen & Wasserburg 1980) . Pb was extracted through anion-exchange chromatography, following Manhès et al. (1980) . Measurements were performed on a Nu Plasma II ™ MC-ICPMS. NIST 981 was used as reference material. Instrumental mass bias was corrected internally after addition of NIST Standard Reference Materials 997 Tl solution (White et al. 2000 
Results
Surface sediments
Radiogenic isotope data of surface sediments are discussed with reference to the geographical location of the samples (Figs. 1, 2 ). Six geographical areas have been defined, corresponding mainly to drainage basins and their adjacent seas: the CAA, the CS, the ESS, the LS, the BS and KS. Pb from 18.3 to 19.5. Sample spatial coverage in each region is variable, from three in the KS to nine in the combined Mackenzie delta region, Beaufort Sea continental margin, and CAA. Figure 2 shows the relative homogeneity/heterogeneity for each region as well as isotopic value overlaps. εNd values in the CS region have a total range of ca. 2.5 εNd units while it is up to ca. 6 εNd units for the ESS region. Similarly, for Sr isotopes there is an order of magnitude difference, with a total range of ca. 0.002 in the CS compared to ca. 0.02 in the CAA. 207 Pb/ 206 Pb ratios range within ca. 0.007 in the CS compared to ca. 0.02 in the LS.
Figure 2 also illustrates isotopic overlaps between the different regions. The CAA and BS cannot be distinguished as their compositions overlap in all three radiogenic systems of the present study , whereas if the CS and ESS cannot be distinguished based solely on their Nd and Sr isotopic compositions (Fig. 3) , they do present distinct Pb isotopic compositions (Figs. 4-6) .
The Nd-Sr systematics have been widely used in the Arctic (e.g., Eisenhauer et al. 1999; Tütken et al. 2002; Guo et al. 2004 ). They are plotted in Fig. 3 along with data from the literature. The Bering, Chukchi and East Siberian seas samples occupy the top left corner of the diagram with the most radiogenic Nd values and the most unradiogenic Sr values, probably influenced by the Aleutian arc volcanism. Both CS and ESS samples overlap in this diagram and can't be clearly differentiated. Opposite, at the bottom right corner of Fig. 3 , Nares Strait, CAA and Mackenzie samples present the most unradiogenic εNd values and the most radiogenic Sr ratios, likely reflecting material from the North American Craton. Samples from oceanic waters off the Mackenzie River delta present an isotopic composition similar to that of the Mackenzie suspended particulate matter (>0.2 µm; (Millot et al. 2004) , while a sediment sample collected close of the Lena River mouth (N-42 from Guo et al. 2004 ) presents a somewhat different isotopic composition than suspended particulate matter from the Lena River itself (Millot et al. 2004) . Kara, Barents and Laptev seas samples plot in between the two above-mentioned regions. Kara and Barents seas samples cannot be clearly identified as they overlap with other regions. In the Nd versus Pb space (Fig. 4) , the Chukchi and East Siberian seas can be distinguished as CS samples and present a more radiogenic Pb composition. However, Kara and Barents seas samples cannot be distinguished because of overlaps with other regions. Finally, in the Sr versus Pb space (Fig. 5) , Kara and Barents seas samples are still overlapping with either the CAA samples or the LS. Discriminant function analyses were attempted on the 35 samples of the present study: samples were split into six groups corresponding to the six geographical regions; combinations of two isotopic systems, or all three were tested. Results are presented in Table 3 . A sample was considered misclassified if its group membership probability was <0.2 or if its probability of belonging to another group was higher than its group membership probability. Considering binary pairing of isotopes, 46-49% of samples were misclassified, regardless of the isotope combination. Even when adding data from the literature for the Nd-Sr systematics, 49% of samples were still misclassified (27 out of 56). When using all three isotopes, 23% of the samples were misclassified, which means that one out of four samples has an isotopic composition that does not match the region it belongs to. However, it is worth noting that out of the eight misclassified samples, three belong to the CAA.
Sea-ice samples
The two samples from the Bering Sea display the most radiogenic εNd values (−5.8) (Table 2) . Discriminant function analysis was used again to match sea-ice sediment samples to circum-Arctic regions with regards to their isotopic composition (Table 4 ). The two samples from the Bering Sea present a CS membership/isotopic composition while samples from the central Arctic displays a Siberian shelf signature, mainly from the LS.
Discussion
Prior to examining further isotopic signatures in recent and modern Arctic Ocean sediments, a caveat seems needed. Samples were recovered from several repositories. They illustrate randomly distributed sites, unevenly spaced and with variable sedimentation rates. Nonetheless, the 35 study samples represent about a 50% increase on the available data about radiogenic isotope compositions of Arctic sediments (see Supplementary Table S1 ). Even when all available data are compiled, a few significant gaps remain, especially off the CAA and off northern Greenland (Fig. 1) . Similarly, ridge as well as ice-transported sediments are scarcely and randomly distributed. Grain-size differences might also influence isotopic compositions (Eisenhauer et al. 1999; Nørgaard-Pedersen et al. 2003; Schmitt 2007) . All statistical analyses made here were performed on <100 µm fractions, reducing the impact of very coarse elements. Comparisons with bulk sediment cannot be discarded, however. They simply bear some larger uncertainty (Saukel et al. Figs. 1 and 3 . Data from the literature are from Winter et al. (1997) for Alpha Ridge, Guo et al. (2004) for Khatanga, Indigirka, Lena, Ob and Yenisey rivers, Haley et al. (2008) for the North Pole, Tütken et al. (2002) for sea-ice and the LS, Eisenhauer et al. (1999) for the LS, Asahara et al. (2012) for the Bering, Chukchi and Beaufort seas, and Millot et al. (2004) for the Mackenzie and Lena rivers. Gamboa et al. 2017 ) than those made on sieved fractions. Nevertheless, the assembled database (Table 1 ) highlights a few robust features that might be critical when using radiogenic isotopes for the documenting of sedimentological regimes in the Arctic palaeocean.
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Discriminant function analyses
Statistical analysis have already been used on Fe-oxide grains in Arctic Ocean sediments by Darby et al. (2003) to highlight sediment sources and transport. Here we have used a similar approach using radiogenic isotopes and to our knowkedge this is the first study reporting such statistical results to trace continental sources in oceanic settings. Discriminant function analysis highlights the fact that there are overlaps between the different shelf areas. When considering any combination of two isotopic systems, one out of two samples is misclassified, i.e., the source areas cannot be isotopically sorted. When using the three isotopic systems, the misclassified samples fall down to about one out of four, with about a 23% chance that a sample yields isotopic composition fitting with another source area. Most of this uncertainty is due to isotopic overlaps between the CAA area and the BS and KS areas. It might also result from isotopic heterogeneities within source areas, or active redistribution mechanisms over Arctic continental margins (e.g., sea ice), or possibly to the limited number of samples used to run the discriminant function analysis. Larger data set and/or other tracers would surely improve the analysis.
When removing the CAA region, i.e., when considering Siberian seas only, the misclassified sample number decreases to ca. 11% using the three isotopic systems. Within the Siberian sector, from the BS to the CS, relatively well clustered signatures are observed between areas.
Regional isotopic signatures
At any given location, sedimentary inputs include (i) continental inputs through land drainage, (ii) coastal erosion products and (iii) distal material transported by currents and sea ice (Stein 2008; Macdonald & Gobeil 2012; Macdonald et al. 2015; Wegner et al. 2015) . The Beaufort Gyre and the Trans-Polar Drift -the two main surface current systems in the Arctic -redistribute sea ice over the Arctic Basin. In addition to the Beaufort Gyre and the Trans-Polar Drift, shelf currents (Naugler et al. 1974; Weingartner et al. 1999 ) might redistribute sediment over the Arctic shelves (Fig. 1) . The Kara and Barents seas consist of large continental margins, spanning more than 10°latitude (>1000 km). Within the representative samples, A3 and A4 at the south-end of the continental margin, i.e., closest to the continent, present unradiogenic εNd values (Table 1) , maybe linked to inputs from old formations from the northern Scandinavian Precambrian Craton and Novaya Zemlaya. Sample A49, close to the island of Nordauslandet in the archipelago of Svalbard (Fig. 1) , presents a specific isotopic composition, likely highlighting local inputs from Nordaustlandet. The local inputs seem to be spatially restricted as the nearby sample A50 (approximately 200 km apart) displays a distinct isotopic composition. Otherwise, neither the KS nor the BS show distinct isotopic compositions, but a large overlap, hampering any unequivocal inference about sediment provenance on such grounds. However the large scatter of isotopic values suggests several distinct sediment sources, with possibly active redistribution mechanisms.
Along the ESS and the LS, a sediment plume is clearly visible from satellite observation along the coastline, suggesting intense coastal erosion (Vonk et al. 2012) . In this area, most samples were collected near the coastline and should capture both coastal and land drainage signals. Samples A13, A23 and A15 are the closest to the Lena River mouth (ca. 100-150 km). These samples present an isotopic composition differing significantly from that of the Lena River suspended particulate matter (Figs. 3-6 ), highlighting the overall weak linkage of radiogenic isotope signatures of coastal sediment to inland sources. On the western side of the LS, coastal terrains are mostly of Cenozoic ages, while those on the eastern side are of Late Palaeozoic and Cenozoic ages, but no clear isotopic trend can be identified in representative samples. Similarly, the LS samples from the present study and literature (Eisenhauer et al. 1999; Guo et al. 2004 ) present a large scatter of Ndisotope values, despite the proximity of the Lena River delta. They range from εNd −17.2 to −11.5, indicating a strong buffering offshore of unradiogenic Nd signatures from the Lena River by other supplies. Processes leading to this scatter are open to discussion, but oceanic currents and sea-ice growth and dispersal are likely to play a role. Nevertheless, the relatively dense sample distribution in the LS allows for the differentiation of proximal versus distal shelf areas, as Darby et al. (2003) suggested on the basis of mineralogical criteria. The outer shelf area displays higher εNd values, due to enhanced mixing of the material bearing a Lena River signature, with material transported by sea ice and currents from remote areas, in particular the KS (Darby 2003 Pb ratios decreasing eastwards. This might reflect mixing of sediments either via oceanic currents and/or sea-ice redistribution along the coast between the CS and the ESS (Naugler et al. 1974) . In the ESS shelf, samples A17, A14 and A33 define a relatively homogeneous group and likely reflect some local coastal inputs, probably mixed with distal material from both the Laptev and Chukchi seas via coastal currents, as previously suggested by (Schoster et al. 2000; Viscosi-Shirley et al. 2003 ) based on mineralogical features.
In the CS, samples A19 and A35 present isotopic composition close to those of nearby samples from the ESS, suggesting some physical transport of sediments along the shelf. The two other samples from the CS (A24 and A25), closer to the Alaskan coast, present isotopic compositions intermediate with those from the Mackenzie area (Figs. 3-6 ) and might be interpreted as a westward contribution from the Mackenzie region to the CS, as previously suggested by Darby et al. (2003) .
Off the CAA, samples A2 and A20 located off the Mackenzie River mouth (about 100 km away), present isotopic compositions quite similar to those of the Mackenzie River suspended particulate matter, clearly reflecting dominant Mackenzie River inputs in the area (Millot et al. 2004) . Eastwards, the five samples off Ellesmere Island display quite clustered isotopic compositions. Interestingly, a bulk sediment sample (Figs. 3-6 ) from Alpha Ridge (Winter et al. 1997 ) also yielded an isotopic composition similar to those obtained here on sediment residues from the CAA shelf. This might indicate some contributions from the Canadian shelf to the central Arctic via the Beaufort Gyre. Sample A12, south of Melville Island, presents more unradiogenic εNd and radiogenic Sr ratios than other CAA samples. Given the fact that ocean currents flow south-eastward through the archipelago, sample A12 likely records some influence of pre-Cambrian shield rocks superimposed on more local Palaeozoic supplies (Fig. 1) . Finally, sample A51 displays the most unradiogenic εNd value, and the most radiogenic 87 Sr/ 86 Sr, likely reflecting old formations from Ellesmere Island and northern Greenland.
River and land drainage signatures
With reference to direct river supplies, a Mackenzie isotopic signature is clearly present in sediments from the Beaufort Sea. In contrast, the Lena River signal cannot be clearly identified based on the available data set and hence does not appear to be the main provider of sediments to the LS. This can be explained by the sedimentary budget of the Mackenzie River versus the Lena River. Indeed, based on estimates from Stein (2008) the Mackenzie River sedimentary discharge is four time higher than that of the Lena River. In addition, coastal erosion is negligible along the Beaufort Sea while it accounts for two-thirds of the sediment supply in the LS, and more generally along the Siberian seas.
Sea-ice sediments
Sea ice is responsible for proximal to distal redistribution of sedimentary material over the Arctic Ocean (Darby 2003; Macdonald et al. 2015) . A few sea-ice sediment samples could be analysed within the framework of the present study. Of course, the time frames recorded in shelf versus sea-ice sediment samples differ by orders of magnitude. Samples from marine surface sediments may represent several hundreds to thousands of years (e.g., Barletta et al. 2010; Not & Hillaire-Marcel Claude 2010; Rudenko et al. 2014) . Samples from sea-ice represent a single sea-ice growth season up to -in the case of multi-year icea few years, the sea-ice growth season in many cases. Modern sea-ice circulation is controlled by the Beaufort Gyre and the Trans-Polar Drift, themselves governed by atmospheric conditions (Serreze & Barry 2005) inducing an inherent high-frequency drift variability. Sea-ice sediment samples analysed here (Fig. 1, Table 2 , Supplementary Table S1) were collected during three years (2005, 2007 and 2008) in the central Arctic Ocean, the Bering Sea and the western Arctic. We used discriminant function analysis to identified sea-ice sediment sources (Table 4) . Sea-ice sediment collected in the central Arctic (SIS 2, SIS 3, LOMROG 4D+E, H3-2, H3-7A, H3-8A, H3-11) seems to mainly originate from the LS, with possible minor contributions from the KS and the ESS. The two samples from the Bering Sea (HLY09-01-21 and HLY09-01-36) present a robust CS isotopic signature, whereas the two samples from the western Arctic (H1-6 and H1-11), close to the Alaskan coast, indicate multiple and distinct sources: sample H1-6 presents significant contributions from the Kara, Laptev and East Siberian seas, whereas sample H1-11 displays contributions from both the KS and the ESS, suggesting some rerouting of carrier ice rafts from the Trans-Polar Drift through the Beaufort Gyre. These two samples have been collected during different years and illustrate the high variability in sea-ice recirculation. Nevertheless, most sea-ice data point to a dominant LS isotopic signature, which suggests that sea-ice formation and sediment entrainment occurs mainly in this area as documented elsewhere (Pfirman et al. 1997) . Our isotopic results differ slightly from Fe-oxide grains source identification (Darby 2003) : no contribution from Banks island (i.e., CAA) was identified in the present study samples, possibly due to the small number of samples available in comparison to Darby et al. (2003) . In contrast, a minor ESS contribution has been found in several sea-ice samples (Table 4 ) but was not recognized in previous studies despite the fact that this area seems favourable for sediment entrainment on account of its shallowness and large extent.
Palaeoceanographic perspectives
Sedimentary and weathering fluxes are likely to have varied through time in response to hydro-climatic and topographic changes during terminations, i.e., from each ice age to the following interglacial. Under full glacial conditions, for example, during the Last Glacial Maximum, when mean sea level was more than 120 m below its present level (Bard et al. 1990 ), conditions were drastically distinct. The Arctic Ocean was half its actual size and its shelves, where modern sea-ice factories are located, were exposed, hampering sea-ice formation and sediment incorporation into it. Sedimentary supplies were then closely associated with continental ice erosional products, ice-sheet streaming routes and ice-margin instabilities (e.g., Stokes & Clark 2001; Maccali et al. 2013) , notably along the Canadian Arctic (Laurentide Ice Sheet) and the Bering-Kara seas shelf edge (Eurasian ice-complex; Hillaire-Marcel et al. 2013; Maccali et al. 2013 ). Prior to the Last Glacial Maximum, variations in the dynamics of these ice sheets (Siegert & Marsiat 2001) , changes in relative sea levels around the Arctic Ocean and the relative closure/opening of Bering Strait are variables that cannot be ignored when interpreting radiogenic isotope data in Arctic Ocean sedimentary records. During interglacials, land-ocean fluxes and sea-ice regimes have also likely varied during and between each of them in relation with distinct atmospheric conditions, ice drifting patterns and sea-ice factory locations (e.g., De Vernal & Hillaire-Marcel 2008) . In addition, whereas recent glacial intervals may have yielded consistent signatures in relation with the development of the Laurentide and Eurasian ice sheets, other ice sheets might have interfered during earlier glaciations (Niessen et al. 2013 ). The isotopic signatures and sources identified above reflect modern conditions: the present geography of the Arctic Ocean, the present relative sea level and shelf extension, the present erosional regimes on land and along coastal areas, the present freshwater outlets and sea-ice factories and their export routes. Interpreting past interglacial sedimentary fluxes based on modern conditions should be done with caution.
Conclusions
Sediments from continental margins of the Arctic Ocean present a large range of isotopic composition, spanning ca. 13 εNd units, and ratio spans of ca. Pb, respectively. These radiogenic isotope composition illustrate a complex combination of land versus coastal erosion but also mixing and redistributing mechanisms of sediment via sea-ice routes and oceanic currents. Based on the present study data set, two-isotope systematics might introduce large uncertainty (ca. 50%) for modern source identification of surface and sea-ice transported sediments. However, combining Nd, Sr and Pb isotope data allows us to label circum-Arctic sources with a lesser uncertainty of about 23%, mainly accounted for by isotopic overlaps between the CAA and the Barents-Kara seas areas. River and coastal erosion inputs cannot be differentiated, with the exception of the Beaufort Sea-Mackenzie River system, possibly because of active coastal erosion inputs and active mixing mechanisms over the Siberian shelves. In the LS, where sample density was high, it has been possible to capture slight isotopic differences between the inner versus outer shelf, as previously reported by Darby & Bischof (1996) . The few sea-ice sediment samples from the central Arctic Ocean available for this study are dominated by LS contributions, suggesting active seaice formation and sediment entrainment in the region. In addition, non-negligible contributions from the Kara and East Siberian seas were also recorded, reflecting the dynamics of sea-ice circulation over the Arctic Ocean.
